Rec'd PCT/PTO 18 



Per 



WORLD IISTTELLECTUAL PROPERTY ORGANIZATIOl 
' Imemacioaal Bureau 




MAR 2005 



INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) iDteraadonal Patent Classification ^ 
BOID 53/14 



Al 



(11) International Publication Numlier: 
(43) International Publication Date 



WO 87/ 05530 

24 September 1987 (24.09.87) 



(21) lotemational Application Number: PCT/FI86/00027 

(22) International Filing Date: 19 March 1986 (19.03.86) 

(71) Applicant: INSINOORITOIMISTO LISOP OY [FI/ 

FI]: PL 52, SF-04201 Kcrava (Fl). 

(72) Inventor: JARVENPAA, Mljo, Juhana ; Vellamontie 21 

as 6, SF-04200 Kerava (FI). 

(74) Agent: FORSSfeN & SALOMAA OY; Uudcnmaankatu 
40 A, SF-00120 Helsinki (FI). 



(81) Designated States: AT (European patent), CH (Euro- 
pean patent), DE (European patent), DK, FR (Euro- 
pean patent), GB (European patent), NL (European 
patent), SE (European patent). 



Published 

With international search report. 

In English translation (filed in Finnish), 



(54) Title: FLUE-GAS PURIFYING PROCEDURE 

20 




(57) Abstract 

A wet washing procedure wherein the reaction products, in the first place the sulphur dioxide which has burned with 
use of lime, react to become Ca-sulphite. This is best oxidized with air. The oxidized gypsum is flotated with oxidizing air 
in a reaction tank (6) and the foam is conducted either into the combustion volume of the combustion boiler or to join the 
hot flue gases (20) to be purified, whereby liquid emissions are inhibited. The gypsum that has joined the quick ash is sepa- 
rated in a dry separator (1) in dry condition, and possibly a minor part of the quick ash goes once again to the washing, 
into the liquid and to flotation, and thence further to drying. 
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FLue-gas purifying procedure 



The presenb invention ooncsezns a flue-gas purifying procedure 
conforsdng to the introductory part of claim 1. 

Uie nature-polluting effect of the sulphur content in flue gases 
is nowadays recognized, in Central Eurcpe in particular, to be a 
hi^ily troublescnie phenomenon. In industrial emissions, for 
instance, sulphur is burned to sulphur diodde, and the gaseous 
sulphur diosdde reacts with moisture to beconie sulphurous acid and 
sulphuric acid. Sulphurous acid and sulphuric SKIUS, in turn, being 
strong acids, react with metal and basic metal or minerals in the 
soil, and tiiese iiipirltles cause acidification of the soil and 
depletion of trace elements in the nature. 

Research aiming at removal of the detriinentsLL sulphur in fltoe 
gases has been going on for quite a long tljre, ai^ numerous designs 
have been worked cut in order to reduce these harmful flue gas 
emissions. It is nowadays generally recognized that electric fil- 
tering of flue gases alone is not enou^. On the other hand, ad- 
dition of milk of lime, or Ca(0H)2/ into the flue gas volisoe has 
been found to produce conparatlvely good results. TTils application 
of milk of liine is the so-called semi-dry method. It iitplies that 
a milk of Hme spray is dried with thB flue gases, \diereat the 
sulphur dio x ide is bound in powSer form, and this powder is separ^' 
ated frm the flue gases. .Ihe drawback of this procedure of prior 
art is the hi^ cost of the method and the tase of a relatively hi^ 
excess of lime, or so-called over-stoichlametry, in relation to 
the sulphur, ^^Aiich results in cortparatlvely large quantities of 
wsuste product. 



35 



Also kncMi in the art is the so-called floating bed burning method, 
in vihlch CaG03 poiider is supplied, together with csoal ponder, into 
the bumizig furnace, in vihlch vdth a pcwerful air c ur re nt these 
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1 materials axe inaix±ained in the air c ur rent floatixig in the oanical 
part of tbB furnace* In this procedure of prior art, the coal 
bums and tiie lisnestcne is coiwerted to the coropound CaO, vMch in 
its turn reacts directly with the sulphur \itdcii -ms present in the 

5 ooal and has burned* This laethcd is encumbered by tbe dravfeadc of 
its relatively high cost and of large spoiled circulating solid 
matter flews. 

m prior art one has also used the so-cal Ted wet washing method to 
10 the purpose of puri^ing flue gases: in this method the flue gases 
are directly washed with aUcaline washing water. This procedure of 
prior art is conparatively reliable, and it is possible in this 
method to ccne very close to stoichicnetry i. aiie drasOsacks of 
the procedure consist of numerous harmftil effects, such as frequent 
15 plugging, corrosion, wear phenomena and, in particular, large 
water quantities, their collection and convening to dunps having 
caused major difficulties. 

ThB object of the invention is to achieve an in p r o v ement of the 
20 flue gas purifying methods known at present. The more detailed 
object of the invention is to achie\re an ixiprovement of the wet 
washing metiiod presently kncwn. Ths other objects of the invention 
and the advantages gainable by its edd will became appairent in the 
disclosure of the invention. 

25 

ThB procedure of the invention is mainly characterized by that 
viiich is stated in the characteristic features part of claim 1. 

Ibe procedure of the invention is sisple as to its principle, and 
30 a closed design is esplcyed in it. As tau^t by the invention, 
flotation of the liquid emerging frcsn the wet washer and of the 
solid matter therein to beccme separate partial flows, which are 
easy to dry, is a sinple but genial insi^xt. When the procedure of 
the invention is applied, the washing fluid quantities above all, 
35 also the sizes of the tanks reqiaired in the e^paratus design, 

are reduced to a fraction of tibose involved in any presently rised 
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prcoedure. It is possible in an advantageous enfoodiment of the 
invention to reoover the ispurities carried in the ^diole flue gas 
gjoantity, in dry condition and even in chemically bound state 
without even the slic^xtest aqueous esnission. 
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Ihe invention shall new be described in detail, referring to the 
principle design presented in the figure of the attached drawing, 
to \^ch hcwever the invention is not meant to be exclusively 
confined. 
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The figure of the drawing presents an advantageous etnbodiinent of 
the apparatus design enployed in Mplementing the procedure of the 
invention. In sdianatic elevational view. 

m the eanbodlinent depicted in the figure, the flue gas flow 20 is ft 

first co n du ct ed, advantagecusly, into a dry separator 1, ^Aiich in - 

this enbodiment is a conventional cyclone separator. Bart of the 

lapirities present in the flixa gases depart frca the flue gas flow 

20 and run dcwn into the Icwer cone of the cyclone separator 1, 

\Aence the dry solid matter may be conducted, with the edd of a * r 

pressure transmitter 2 located belcw the cyclone separates: 1, as a 1^"^ 

material flow 13 e.g. to a centralized powdery material storage 

container (not depicted) . 

After the qydone separator 1, the flue gases flow to the wet 
washer 3, where the gaseous conponents present in the flue gases 
are washed so that the gas flow 4 emerging fraat the wet washer 3 
will be clean enou^. Bie wet washer 3 is known in the art in 
itself and it may be ccnibined witii the cyclone 6Q>aratar, as has 
been shewn in the figure of the drawing. Hie washing water flows 
along the line 12 of the wet washer 3. The spent washing water 
flows frcm the wet washer 3 to a oombined mixing ai>d flotation 
xmit 6, in the form of the washing wat^ flow 5. 
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Air is co n d uc ted to ttie mixing and flotation vanit 6 by the line 
14, and the mixing and flotation unit 6 is advantageously provided 
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' wil^ a sdxizig means 21. In i±e nixing and flotation unit 6, the 
sulpiiite in the washing water, if any, is oddized to sulphate, 
and the flotation process taking place lifts the reaction and 
washing prod u cts that have been formed in the wet washer 3, along 
5 with the foam cut froa the xcdxing and flotation unit 6. Such a 
foam remsver has been indicated with the reference numeral 15 in 
the figure of the drawing. The foam, with the solid matter and the 
liquid held in the foam, is directed to a pressure transmitter 7 
which has been disposed to guide ^le s^sarated foam as a flew 18 

10 to join the flue gas flew 20, the fl\ae gas flew 20 having been 
arranged to dry out the liquid held in the foam and, as the flue 
gas tenperature usually is in the range of 100 to 240%, the CaS04 
loses part of its crystal water. Ibe dried solid matter separates 
and ends yjp among the solid matter in tiie lower cone of the cyclone 

15 separator 1, in vSiidh connection for instance t2ie separated gypsum 
is in the form of a pettier hardening powerfully together wi1±i 
water and thus is a substance well app r op r i ate to be carried to a 
dunip, or to be vised otherwise. If desired, facilities for adding 
flocculating agent can be provided on the mixing and flotation 

20 unit 6, or a flocculation isiit alone may be substituted for this 
unit, depending on >d3at chemicals are used. 

The solid matter fails to be removed from the mixing and 

flotation unit 6 runs as an overflew 16 into the tank 8, ^Asere 

2S advantageously wiHi the aid of ce ntr i fugal action the solid matter 
is directed to settle in the lower ccne of the tahic 8. Belew the 
lower cone of the tazdc 8 has been disposed a pressure transmitter 
9, arranged to direct this solid matter in a flew 17 to join the 
flue gas flew 20, vftiereby the liquid held by the solid matter 

30 evs^xarates off and the solid matter separates in cary dust form in 
the Icwer part of the cyclone separator 1, ^^Sience the pressure 
transmitter 2 sends the dry solid matter as a materiail flew 13 to 
the centralized pcwdery material storage already described. 
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Certain practical facts have to be observed vftsen applying the 
procedure of the invention. When the fuel, coal in the first place. 
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oonbains 1% sulphur, the quantity of gypsum that has to be dried 
in the procedure of tiie invention will be 3.5 to 5% of the coal, 
depenc3ingr en the purity of the lijm that is used. Ihe solid natter 
passing thrcu^ the dry separation varies between 1 and 3% of the 
quantity of coal burned, and therefore the quantity of solid natter . 
that has to be dried varies between 4 and 8% of the coal quantity. 
Ihis, together with the washing liquid that has to be evaporated, 
lowers the teirperature of the flue gas flow 20 by about 10 to 20^, 
depending on the liquid quantity in the material to be dried. 

It is also possible in the procedure of the invention to direct 
the staterial flew 17 directly into the conibustion boiler, where 
naturally the naterial flow is heated to a teoperature at which 
the gypsum totally loses its crystal water and beocmes eitiier 
slew-reacting with water or beccBoes so-called "dead"-gypsum, which 
reacts hardly at all with water. It should be noted, on the other 
hand, that the gypsum is again deccnposed to sulphur dioxide, and 
for this reason it is not reccanmerded that the material flow 17 be 
co n ducted into the combustion boiler, at least not into its hottest 
region. 

HiB washing liquid flow 12 contains the requisite neutralizing 
substance, in which capacity Ga(CH)2/ or so-called milk of lime, 
serves best. The quantity of milk of lima in the washing liquid is 
advantageously monitored so that the mixing and flotation unit 6 
can operate in a pH range of preferably 5 to 9. Naturally, other 
chemicals may be tised instead of milk of lima, for instance NaCH, 
or cai:istic liquor, or NaO03, or soda, in which case the sulphur 
present in the flue gas flew 20 will react without forming any 
solid products. In that case nothing emerges frcm the mixing and 
flotation unit 6 but the quick ash that has passed through the 
cyclone separator 1. 
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Ibe material flews 17 and 18 dried in the inooming flioe gas flew 
20 are separated in the cyclone separator 1 mainly in granulated 
form. It should be particularly noted that the size botii of the 
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1 nixin? and flotaticn unit 6 and tbs tank 8 is oonsaxatlvely ienwn 
cxsopaxed witii tte H<jiiri tanks in present use. m the procedure of 
the ijiventicnr the zegtiiresnBnt of fresh was^iing water, in terns of 
wei^it, is on tiie order a£ tt» ooal quantity (the ftisl quantity) 

5 that is fed in. 

It is also possible in the procedure of the invention to recover 
heat fnan the washing liquid. An advantageous xray to a<-*-vi»|>Hgii 
such recovery is to arrange for a return flow 11 fccan the tank 8 

0 to the wet washer 3, e.g. by means of a water circulating punp lo. 
It eihculd be noted that, as a rule, t±e tegnperature in the tank 
varies: for instance in connectiai wi-Qi ooal firing, between 40 
and 60%. Hhs return flew 11 also fludiss out iaporlties tram, the 
wet washer 3 because tt» return flow joins the washing liquid flow 

5 5, whicii is directed to the nixing and flotation laiit 6. It is 
thus possible in the procedure of the invention to adhieve a so- 
called closed washing liquid circulatiian. 
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1. A pcooedure for jwri^lng aua gases, viierein the flue gas flow 
(20) oantadning iapurlties is aonciucted Inba a washer means (3) , 
to vtddi is aonducted washing liquid oontaining chemicals, such as 
advantageously ca(CH)2/ said washing liquid having been disposed 
to react with the flue gas flow (20) to be purified, characterized 
in that the washing Uquid vMch has reacted with the flue gas 
flow (20) to be purified is conducted to a ccanblned nixing and 
flotation unit (6) , and that the fceun emerging £ran said mixing 
and flotation unit (6) together with its solid matter and with the 
liquid held in the foan is conducted as a first flow (18) to join 
the flue gas flow (20) to be purified or directly into the conbus- 
ticn vcO-umB of the ocrtbusticn boiler, the flue gas flow (20) to be 
purified having been disposed to dry out the liquid contained in 
the foam. 

2. Procedure acoarriing to claim l, characterized in that the solid 
matter which fails to leave said mixing and flotation unit (6) has 
been disposed to go as an overflow (16) to a tank (8) , where the 
solid matter is separated to lodge in the lower part of said tank 
(8) , and that the separated solid matter is directed as a secani 
flow (17) to join the flue gas flow (20) to be purified or possibly 
directly into the ccntwstion vduma of the oonibustion boiler, 
vtoer^ the liquid held by the sblid matter eva^xsrates off. 

3. Procedure according to claia 1 or 2, characterized in that the 
flue gas flow (20) to be purified is prior to its flowing to the 
washer means (3) conducted to a dry separator (1) , where the dry 
solid matter contained in the flue gas flow (20) separates. 

4. Procedure according to claim 3, characterized in that the flows 
(17,18) conducted to join the flue gas flow (20) to be purified in 
oraer to be dried are co n d ucted to said dry s^arator (1) , vAiere 
the solid matter contained in said flows (17,18) has been arranged 
to beocne s^arated to join the dry solid matter contained in the 
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1 flue gas flow (20) to be parified. 

5. Procedure aocordiig to daiai 3 or 4, characterized In that the 
dry matter that has separated to lodge in the lc3wer part of 

5 tiie dry separator (1) is conducted as a natecial flow (13) to a 
■ centralized poAadexy material store. 

6. Procedure according to any one of claims 1-5, ciiaracterized in 
that tbB pH rarge of the mixing and flotation vmit (6) is controlled 

10 to keep within a suitable flotation range, preferably in the range 
frcm 5 to 9, with 1±e aid of a suitable alkali. 

7. Procedure eiccording to ary one of claims 1-6, c h a r a c terized in 
that the i^ent washing liquid is condixted as a return flow (U) 

15 bade to said warier means (3) . 

8. Procedure aooarding to dadrn 7, ciiaracterized in that the spent 
washing liquid is punped from said tank (8) with the aid of a 
circulation punp (10) to constitute a return flow to the washer 

20 means (3) , the heat contained in the washing fluid being recovered 
at the sane time. 
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